Particle Image Velocimetry of Transverse Jets in Cross Flow
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Introduction

The goal of this experimental study was to determine the effectiveness of the scaling parameter B, for the jet in cross flow
(JICF). Establishing B’s effectiveness will provide a reliable base model for the optimization of the mixing and the homogeneity of fluids using JICF.
Initial Data

Jet in cross flow (JICF) is the interaction
between fluids entering a cross flow from a
transverse jet. The vortical structures, namely
the counter-rotating vortical pairs (CVP) play a
significant role in the entrainment between the
cross flow and transverse jet. The JICF can be
used to predict impacted areas from pollutants
in smoke plums.

The final velocity vector fields for the different jet
velocities are shown with their corresponding Reynolds number, Re, and scaled to the
different trajectory scaling values of (a) RDj, (b) R2Dj, and (c) BDj. Upon inspection of
the results, RDj does not collapse the jet centerlines as well as R2Dj or BDj. R2Dj and
BDj appear to show good collapse of the centerlines onto a central curve.
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Fig 5: Instantaneous images when velocity ratio is (a) 1.87,
(b) 2.33, (c) 2.80, (d) 3.27, against a constant crossflow.
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Fig 2: JICF in smoke plumes

Particle image Velocimetry (PIV) is a method
of tracking fluid motion through the use of
small tracer particles by determining their
location at two instances of time. Our goal is to
compare the effectiveness of the trajectory
scaling law B in comparison to the currently
used velocity ratio R. B accounts for the
densities, drag, and entrainment of the fluids.
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Fig 6:The grey dots are the
particles at time t and time t+∆t. In a
small enough region, the particles
will travel in a nearly linear direction.
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Image pairs use interrogation
regions to compute the
average displacement within
each region. The average
velocity
can
then
be
calculated using the average
displacement and the time ∆t.
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Fig 1: Structure of the JICF[1]
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Final Image and Expected Results

After scaling the
displacement in pixels to millimeters, a velocity vector field
was then determined by averaging the velocity vectors
from all the instantaneous images to obtain the average
flow of the JICF. As the jet velocity increased, the jet
penetrated further into the cross flow.

Where vjet is the velocity of the jet, vcf is the
velocity of the crossflow, J is the momentum
flux ratio of the jet to crossflow, CD is the drag
coefficient, and Ce is the entrainment
coefficient.
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jet
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scattered
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was then
Fig 3: Components to captured by
the camera.
form the JICF.
Fig 4: Schematic representation of imaging set-up for the experiment.
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Fig 8: Transverse jet trajectories scaled with (a) no scaling, (b) RDj , (c) R2Dj, and (d) BDj.

Conclusions
The results plotted in respect to the different
scaling laws RDj, R2Dj, and BDj displayed a general collapse of data to a central
curve. It can be argued that either R2Dj or BDj show similar results with r2=0.9893 for
R2Dj and r2=0.9871 for BDj. Even so, BDj can be modified to show a better collapse of
the data, while R2D cannot.

Future Work
The BDj parameter will need to be
verified under different parameters and conditions. One such experiment would be to
use fluids of different densities for the jets. Another experiment could explore higher
temperatures and higher pressures. Further research into the JICF will prove to be
invaluable for future designs of combustion devices.
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Fig 7: The vector field with a contour for the four different jet flow rates of
(a) 1.87, (b) 2.33, (c) 2.80, (d) 3.27. Note that the increased jet velocity
resulted in the impact against the opposite wall.
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